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(54) Capacitive pressure sensor 



(57) A pressure sensor includes a sapphire base, a 
sapphire diaphragm, a capacitance chamber, a station- 
ary electrode, and a movable electrode. The base has 
an R-plane major surface. The sapphire diaphragm is 
formed on the major surface of the base and has an R- 
plane major surface. The capacitance chamber has an 
upper surface covered with the diaphragm and has a 
recess formed in the major surface of the base. The sta- 
tionary electrode is fixed to a bottom surface of the 
capacitance chamber. The movable electrode Is fixed to 
a lower surface of the diaphragm in the capacitance 
chamber to oppose the stationary electrode. At least 
one of the movable and stationary electrodes has a 
shape extending on at least one of a line in a C-axis pro- 
jection direction of a crystal passing through a center of 
the major surface of the diaphragm and a line in a direc- 
tion perpendicular to the C-axis projection direction. 
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Description 

Background of the Invention 

[0001] The present invention relates to a pressure 
sensor for measuring a pressure by detecting a change 
in electrostatic capacitance. 

[0002] In general, a chip-like capacitance type pres- 
sure sensor for detecting a pressure by detecting an 
electrostatic capacitance has a substrate, a diaphragm 
which forms a space together with the substrate, a sta- 
tionary electrode disposed on the substrate, and a mov- 
able electrode fixed to the diaphragm to oppose the 
stationary electrode. In the pressure sensor chip having 
this arrangement, when the diaphragm Is displaced 
upon reception of a pressure, the distance between the 
movable and stationary electrodes changes to change 
the electrostatic capacitance between them. The pres- 
sure applied to the diaphragm can be measured on the 
basis of this change in electrostatic capacitance. 

[0003] As a housing comprised of the substrate and 
diaphragm of such a pressure sensor chip, one made of 
sapphire (artificial corundum) is proposed. When sap- 
phire is used to form the housing, even if the measure- 
ment target is a corrosive body or fluid, the housing can 
directly receive the body or fluid with its diaphragm to 
measure the pressure. 

[0004] Figs. 4A and 4B show the arrangement of a 
conventional pressure sensor chip. 

[0005] Referring to Fig. 4A, the conventional pressure 
sensor chip is constituted by a base 401 and a dia- 
phragm 402. A circular recessed capacitance chamber 
401a is formed at the center of the major surface of the 
base 401. The diaphragm 402 is bonded to the major 
surface of a rim portion 401b surrounding the capaci- 
tance chamber 401a to cover it. thereby forming a 
closed space in the capacitance chamber 401a. The 
base 401 and diaphragm 402 are made from sapphire. 
[0006] A circular stationary electrode 403 is fixed to 
the bottom surface of the capacitance chamber 401a, 
and a small disk-like movable electrode 404 is fixed to 
the lower surface (the capacitance chamber 401a side) 
of the diaphragm 402 to oppose the stationary electrode 
403. The movable electrode 404 is arranged at substan- 
tially the center of the diaphragm 402. Furthermore, a 
ring-like reference electrode 405 is fixed to the lower 
surface of the diaphragm 402 to oppose the stationary 
electrode 403. The reference electrode 405 has a ring 
diameter smaller than the diameter of the stationary 
electrode 403, and is arranged to surround the movable 
electrode 404. At the periphery of the capacitance 
chamber 401a. a lead portion 404a extending from the 
movable electrode 404 is connected to a pin 406 
extending through the base 401 , as shown in Fig. 4B. 
[0007] In the pressure sensor chip having the above 
arrangement, the opposing stationary and movable 
electrodes 403 and 404 constitute a capacitor. Hence, 
upon reception of an external pressure, when the center 



of the diaphragm 402 Is displaced toward the base 401 . 
the distance between the stationary and movable elec- 
trodes 403 and 404 changes to change the capacitance 
between them. This change in capacitance is electri- 
5 cally detected through the lead portion 404a, the pin 
406, and the like, so that the pressure acting on the dia- 
phragm 402 can be detected. 

[0008] The reference electrode 405 formed on the dia- 
phragm 402, and the stationary electrode 403, that are 
10 adjacent to each other, also form a capacitance 
between them. Since the reference electrode 405 is 
arranged close to the rim portion 401b, the warp 
amount of the reference electrode 405 accompanying 
warp of the diaphragm 402 is smaller than that of the 
IS movable electrode 404 arranged at the center of the dia- 
phragm 402. 

[0009] The dielectric constant of air in the capacitance 
chamber 401a changes in accordance with the humid- 
ity, to accordingly change the capacitances of the 
20 respective electrodes. If the change in capacitance 
between the stationary and movable electrodes 403 
and 404 is observed with reference to a change in 
capacitance between the stationary and reference elec- 
trodes 403 and 405, the warp amount of the diaphragm 
402 can be detected without fluctuation even if the die- 
lectric constant of air in the capacitance chamber 401a 
changes. 

[001 0] Concerning sapphire used in the substrate and 
diaphragm constituting the pressure sensor, a sapphire 
substrate having an R plane as a major surface is used 
in terms of cost and availability. As shown in Fig. 5, the 
R plane of a sapphire crystal is a plane that forms an 
angle of 57.6® with the C plane. 

[0011] When sapphire crystals are grown by the EFG 
(Edge-defined Film-fed Growth method) such that the R 
plane is set horizontal, a sapphire crystal plate having a 
large area to a certain degree can be obtained corrpar- 
atively easily. In contrast to this, when crystal growth is 
performed while pulling sapphire upward in the direction 
of C axis, an ingot having a large diameter cannot be 
obtained. For this reason, it is very difficult at the 
present stage to obtain a crystal plate having a large C 
plane. 

[001 2] In an inexpensive sapphire substrate having an 
R plane as the flat surface, its physical properties such 
as Young’s modulus and thermal expansion coefficient 
are anisotropic. When two sapphire wafers each having 
an R plane as the major surface are bonded to each 
other, the bonded wafer body warps unless the axes of 
the crystals of the respective wafer surfaces coincide 
with each other. This warp occurs depending on the 
axis in the R plane described above. This is supposed 
to be because a change in physical properties of the R- 
plane wafer caused by the temperature is large in some 
axis while it is small in another axis. 

[0013] Fig. 6 shows how the warp occurs in accord- 
ance with a temperature change (temperature rise) of 
the diaphragm in the pressure sensor described above. 
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In Fig. 6. the axis of abscissa represents the distance of 
a point where the warp amount is measured from the 
center. The center of the diaphragm is defined as 0. and 
the rightward direction from 0 indicates a positive value 
while the leftward direction from 0 indicates a negative 
value. Note that the warp amount of the diaphragm plot- 
ted along the axis of ordinate is a normalized value. 
[0014] The sapphire diaphragm and base are bonded 
to each other more firmly when they are heated with 
their specular polished surfaces being In tight contact 
with each other. The diaphragm and base are bonded to 
each other such that their C-axis projection directions of 
their crystals are displaced from each other by about 
10 ^ . 

[0015] Referring to Fig. 6, block dots represent the 
warp amount on a line along the C-axis projection direc- 
tion of the diaphragm, and white dots represent the 
warp amount on a line forming an angle of 45° with the 
C-axis projection direction of one diaphragm. White tri- 
angles represent the warp amount on a line forming an 
angle of 90° with the C-axis projection direction of the 
diaphragm, and solid squares represent the warp 
amount on a line forming an angle of -45° with the C- 
axis projection direction of the diaphragm. All of these 
lines pass through the center of the diaphragm. 

[001 6] In this manner, when a diaphragm comprised 
of a sapphire R -plane substrate is adhered to a base 
comprised of a sapphire R-plane substrate such that 
their axes are displaced from each other (e g., by about 
10°), warping caused by a temperature change occurs. 
This warp is the maximum on a line forming an angle of 
45° or -45° with the C-axis projection direction of the 
diaphragm, and on an intermediate region between the 
diaphragm center and the end of the diaphragm. 

[0017] In the pressure sensor formed by bonding the 
base and diaphragm, when the C-axis projection direc- 
tion of the sapphire crystal of the base is different from 
that of the diaphragm, the diaphragm warps even if no 
external pressure is applied to it. More specifically, in 
the conventional sapphire pressure sensor, when the 
temperature changes, even If no external pressure is 
applied, a detection signal is detected as if a pressure is 
actually applied. 

[0018] When a displacement is present, if any, 
between the C-axis projection direction of the sapphire 
crystal of the base and that of the diaphragm, the dia- 
phragm warps upon a temperature change. Meanwhile, 
the displacement between the base and diaphragm 
cannot be completely eliminated easily. 

Summary of the Invention 

[0019] It is an object of the present invention to pro- 
vide a pressure sensor which can detect a pressure 
highly precisely even If the C-axes projection direction 
of the sapphire crystal of a base and that of a dia- 
phragm each made of an R-plane sapphire plate are dif- 
ferent from each other. 



[0020] In order to achieve the above object, according 
to the present invention, there is provided a pressure 
sensor comprising a sapphire base having an R-plane 
major surface, a sapphire diaphragm formed on the 
5 major surface of the base and having an R-plane major 
surface, a capacitance chamber having an upper sur- 
face covered with the diaphragm and having a recess 
formed In the major surface of the base, a stationary 
electrode fixed to a bottom surface of the capacitance 
w chamber, and a movable electrode fixed to a lower sur- 
face of the diaphragm in the capacitance chamber to 
oppose the stationary electrode, wherein at least one of 
the movable and stationary electrodes has a shape 
extending on at least one of a line in a C-axis projection 
15 direction of a crystal passing through a center of the 
major surface of the diaphragm and a line in a direction 
perpendicular to the C-axis projection direction. 

Brief Description of the Drawings 

20 

[ 0021 ] 

Figs. 1 A and 1 B are a partially cutaway perspective 
view and a plan view, respectively, of a pressure 
25 sensor chip according to the first embodiment of the 
present invention; 

Figs. 2 A and 2B are a partially cutaway perspective 
view and a plan view, respectively, of a pressure 
sensor chip according to the second embodiment of 
30 the present invention; 

Fig. 3 is a plan view of a pressure sensor chip 
showing another example of a movable electrode; 
Rgs. 4A and 4B are a partially cutaway perspective 
view and a plan view, respectively, of a conventional 
35 pressure sensor chip; 

Rg. 5 is a perspective view schematically showing 
the state of a sapphire crystal; and 
Fig. 6 Is a graph showing the distribution of the 
warp of the diaphragm of a sapphire pressure sen- 
40 sor in accordance with a temperature change (tem- 
perature increase). 

Description of the Preferred Embodiments 

[0022] The present invention will be described In detail 
with reference to the accompanying drawings. 

(First Embodiment) 

[0023] Referring to Fig. 1 A, a pressure sensor chip is 
constituted by a base 101 having a. circular recessed 
capacitance chamber 101a, and a diaphragm 102. The 
diaphragm 102 is bonded to the major surface of a rim 
portion 101 surrounding the capacitance chamber 101a 
to cover it, thereby forming a closed space In the capac- 
itance chamber 101a. The base 101 and diaphragm 
102 are constituted by R-plane sapphire substrates. 
The diaphragm 102 Is bonded to the base 101 such that 
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the C-axis projection crystals of their crystals are almost 
aligned to each other (within ±15® ). 

[0024] A circular stationary electrode 103 is fixed to 
the bottom surface of the capacitance chamber 101a, 
and a rectangular movable electrode 104 is fixed to the 5 
lower surface (the capacitance chamber 101a side) of 
the diaphragm 102 to oppose the stationary electrode 
103. The movable electrode 104 is arranged such that 
its center overlaps almost the center of the diaphragm 

102, and has a long side shorter than the diameter of w 
the stationary electrode 103. The movable electrode 
104 is arranged to extend in the C-axis projection direc- 
tion of the sapphire crystal, as shown in Fig. 1B. More 
specifically, the movable electrode 104 is arranged such 
that Its long side is parallel to the C-axis projection is 
direction of the sapphire crystal. 

[0025] A ring-like reference electrode 105 is fixed to 
the lower surface (the capacitance chamber 101a side) 
of the diaphragm 1 02 to oppose the stationary electrode 

103. The reference electrode 105 has a ring diameter 20 
smaller than the diameter of the stationary electrode 

103, and is arranged to surround the movable electrode 

104. 

[0026] At the periphery of the capacitance chamber 
101a, the movable electrode 104 is connected to a pin 25 
106 extending through the base 101 , through a lead wir- 
ing line 104a. Similarly, at the periphery of the capaci- 
tance chamber 101a, the reference electrode 105 is 
connected to a pin (not shown) extending through the 
base 101 , through a lead wiring line 105a. At the periph- 30 
ery of the capacitance chamber 101a, the stationary 
electrode 103 is also connected to a pin extending 
through the base 101, through a wiring line 103a. The 
electrodes 103, 104, and 105 are electrically connected 
to the outside through the lead wiring lines 103a, 104a, 35 

and 105a, and a plurality of pins including the pin 106. 
[0027] In the pressure sensor chip having the above 
arrangement, the stationary and movable electrodes 
103 and 1 04 constitute a capacitor. Hence, upon recep- 
tion of an external pressure, the center of the diaphragm 40 
102 is displaced toward the base 101. The distance 
between the stationary and movable electrodes 103 
and 104 accordingly changes to change the capaci- 
tance between them. This change in capacitance is 
detected as a voltage change through the lead wiring 4S 
lines 103a, 104a, and 105a, the pin 106, and the like, so 
that the pressure acting on the diaphragm 102 can be 
detected. 

[0028] The movable electrode 104 is arranged on the 
diaphragm 102 to extend along a line on the C-axis pro- so 
jection direction of the sapphire crystal passing through 
the center of the major surface of the diaphragm 102. 
More specifically, the movable electrode 104 is formed 
into a rectangular shape elongated in the C-axis projec- 
tion direction of the sapphire crystal. As described ss 
above, the diaphragm 102 sometimes warps due to a 
temperature change. 

[0029] This warp is caused by temperature fluctua- 



tions when two sapphire substrates are adhered to each 
other, as shown in Fig. 6, such that their axes are dis- 
placed from each other (by about 10° in Fig. 6). This 
warp is the maximum on a line forming an angle of 45° 
or -45° with the C-axis projection direction of the crystal 
on one substrate, and on an intermediate region 
between the center of the diaphragm 1 02 and the end of 
the diaphragm 102. In this embodiment, the base 101 
serves as one substrate, while the diaphragm 102 
serves as the other substrate adhered to the base 101 . 
[0030] Therefore, when the sapphire diaphragm 102 
Is bonded to the sapphire base 101 , the diaphragm 102 
warps unless the C-axis projection directions of their 
crystals coincide to each other completely. However, the 
warp of the diaphragm 1 02 does not occur on the line in 
the C-axis projection direction of the crystal passing 
through the center of the diaphragm 102, as shown in 
Fig. 6. Also, this warp does not occur often on a line per- 
pendicular to the C-axis projection direction of the crys- 
tal. 

[0031 ] Therefore, the warp of the diaphragm 1 02 does 
not substantially occur even on a line in the C-axis pro- 
jection direction of the crystal passing through the 
center of the major surface of the diaphragm 102. For 
this reason, the rectangular movable electrode 104 is 
arranged on the diaphragm 102 such that its longitudi- 
nal direction is parallel to the line in the C-axis projection 
direction of the crystal. 

[0032] More specifically, the movable electrode 104 is 
arranged in a region where the warp of the diaphragm 

102 is not substantially caused by the temperature. 
Even when the base 101 and diaphragm 102 are 
bonded to each other such that the C-axis projection 
directions of their crystals do not completely coincide 
with each other, the distance between the movable and 
stationary electrodes 104 and 103 does not substan- 
tially change upon temperature fluctuations. 

[0033] When the length (long side) of the movable 
electrode 104 in the C-axis projection direction of the 
crystal is compared with the length (short side) thereof 
in a direction perpendicular to it, it suffices if the short 
side is shorter than the long side. In this embodiment, 
the movable electrode 1 04 is arranged on a line in the 
C-axis projection direction of the crystal passing 
through the center of the major surface of the dia- 
phragm 102. However, in place of the movable elec- 
trode 104, the stationary electrode 103 may be 
arranged in this manner. 

[0034] This will be described in detail. If the stationary 
electrode 103 is arranged on a line in the C-axis projec- 
tion direction of the crystal passing through the center of 
the major surface of the diaphragm 102, the capaci- 
tance between the stationary and movable electrodes 

103 and 104 is formed on only the stationary electrode 
103. Accordingly, In this case as well, the capacitance 
between the stationary and movable electrodes 103 
and 104 is formed at a region which is less influenced 
by the warp of the diaphragm 102 caused by tempera- 
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ture fluctuations. Therefore, the stationary electrode 
103 may be arranged on a line in the C-axis projection 
direction passing through the major surface of the dia- 
phragm 102. Obviously, both the stationary and mova- 
ble electrodes 103 and 104 may be arranged to oppose 5 
each other on a line in the C-axis projection direction 
passing through the center of the major surface of the 
diaphragm 102. 

[0035] The reference electrode 105 formed on the dia- 
phragm 102, and the stationary electrodes 103 also 10 
form a capacitance between them. Since the reference 
electrode 105 is formed in the periphery of the dia- 
phragm 102 close to the rim portion 101b, the warp 
amount of the reference electrode 105 accompanying 
warp of the diaphragm 102 is smaller than that of the 15 
movable electrode 104 arranged at the center of the dia- 
phragm 102. 

[0036] The dielectric constant of air in the capacitance 
chamber 101a changes in accordance with the humid- 
ity. to accordingly change the capacitances generated 20 
among the respective electrodes. If the change In 
capacitance between the stationary and movable elec- 
trodes 103 and 104 is observed with reference to the 
change in capacitance between the stationary and ref- 
erence electrodes 103 and 105, the warp amount of the 25 
diaphragm 102 can be detected without fluctuation even 
if the dielectric constant of air in the capacitance cham- 
ber 101a changes. 

[0037] For example, assume that the ratio of a change 
in capacitance between the stationary and reference 30 
electrodes 103 and 1 05 caused by the temperature fluc- 
tuations to a change in capacitance between the sta- 
tionary and movable electrodes 103 and 104 is 1 : X. 
When the capacitance between the stationary and ref- 
erence electrodes 103 and 105 changes from "a" to "b" 35 

upon temperature fluctuations, the capacitance 
between the stationary and movable electrodes 103 
and 104 is corrected by using ”b/a • X ”. 

< Second Embodiment > 40 

[0038] A pressure sensor according to the second 
embodiment of the present invention will be described. 

[0039] To suppress the influence of a change in die- 
lectric constant caused by a temperature change of air 4 s 
in the capacitance chamber 101a by using the reference 
electrode 105, It is preferable that the reference elec- 
trode 105 is arranged on the outer periphery of the dia- 
phragm 102 in the capacitance chamber 101a, as 
shown in Figs. 1 A and 1 B. This is because of the follow- so 
ing reason. Since a portion of the diaphragm 102 which 
deforms upon reception of a pressure is a region corre- 
sponding to the capacitance chamber 101a. the dia- 
phragm 102 does not substantially deform near the rim 
portion 101b. ss 

[0040] When, however, the reference electrode 105 Is 
arranged at a portion on the diaphragm 102 to be In 
contact with the rim portion 101b, the reference elec- 



trode 105 is sandwiched by the diaphragm 102 and rim 
portion 101b due to the positional displacement occur- 
ring when bonding the diaphragm 102 and base 101 
(rim portion 101b) to each other. When the reference 
electrode 105 is sandwiched between the diaphragm 
102 and rim portion 101b. the diaphragm 102 and rim 
portion 101b cannot be bonded to each other through 
their specular polished surfaces. 

[0041 ] To prevent this, the reference electrode 1 05 is 
arranged on the diaphragm 102 inside by a certain 
degree from the outer end (side wall position) of the 
capacitance chamber 101a. 

[0042] When the movable electrode 104 is made from 
a metal film, its thermal expansion coefficient differs 
from that of the sapphire diaphragm 102. In this case, 
the thermal expansion coefficient of the movable elec- 
trode 104 is larger than that of the diaphragm 102. and 
a warp caused by a temperature change occurs also 
between the diaphragm 102 and movable electrode 
104. The thinner the diaphragm 102. the more conspic- 
uous the warp caused by a temperature change. In con- 
trast to this, the thicker the diaphragm 102, the less the 
warp between the diaphragm 102 and movable elec- 
trode 104. and the larger the warp caused by the dis- 
placement of the plane orientation between the 
diaphragm 102 and base 101. 

[0043] According to this embodiment, in a thin sap- 
phire diaphragm used for detecting a low pressure, the 
warp caused by a temperature change between the dia- 
phragm and the movable electrode is eliminated. 

[0044] The arrangement of the pressure sensor 
according to the second embodiment will be described. 
[0045] Referring to Fig. 2 A, a pressure sensor chip is 
constituted by a base 201 having a circular recessed 
capacitance chamber 201a, and a diaphragm 202. The 
diaphragm 202 is bonded to the major surface of a rim 
portion 201b surrounding the capacitance chamber 
201a, thereby forming a closed space in the capaci- 
tance chamber 201 a. The base 201 and diaphragm 202 
are fabricated from R-plane sapphire substrates. 

[0046] A stationary electrode 203 is fixed to the bot- 
tom surface of the capacitance chamber 201a, and a 
rectangular movable electrode 204 made of a conduc- 
tive metal is fixed to the lower surface (the capacitance 
chamber 201a side) of the diaphragm 202 to oppose the 
stationary electrode 203. The movable electrode 204 is 
arranged such that its center overlaps almost the center 
of the diaphragm 202, and has a long side shorter than 
the diameter of the stationary electrode 203. The mova- 
ble electrode 204 is arranged to extend in the C-axis 
projection direction of the sapphire crystal, as shown in 
Fig. 2B. More specifically, the movable electrode 204 Is 
arranged such that its long side is parallel to the C-axis 
projection direction of the sapphire crystal. 

[0047] At the periphery of the capacitance chamber 
201a, the movable electrode 204 is connected to a pin 
206 extending through the base 201 , through a lead wir- 
ing line 204a. At the periphery of the capacitance cham- 
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ber 201a, the stationary electrode 203 is connected to a 
pin (not shown) extending through the base 101, 
through a lead wiring line 203a. 

[0048] The movable electrode 204 is formed on the 
diaphragm 202 into a rectangular shape extending in 
the C-axis projection direction of the crystal. Even If the 
plane orientation of the base 201 and that of the dia- 
phragm 202 are somewhat displaced from each other, a 
change in distance between the movable and stationary 
electrodes 204 and 203 due to a temperature change is 
suppressed. 

[0049] Fan-like reference electrodes 205a and 205b 
are arranged on the diaphragm 202 on a line clockwise 
forming an angle of 45’ with the C-axis projection direc- 
tion of the crystal. The reference electrodes 205a and 
205b are connected to each other through a wiring line 
205c, and are connected, on the periphery of the capac- 
itance chamber 201a, to a pin (not shown) extending 
through the base 201, through a lead wiring line 205d. 
In the stationary electrode 203, its respective regions 
corresponding to the movable electrode 204 and the ref- 
erence electrodes 205a and 205b are slightly enlarged 
and connected to each other. 

[0050] When the C-axis projection direction of the 
crystal on the base 201 does not completely coincide 
with that of the diaphragm 202, on a line on the dia- 
phragm 202 which clockwise forms an angle of 45° with 
the C-axis projection direction of the crystal 202, the 
warp of the diaphragm 202 appears as a change toward 
the base 201. The metal movable electrode 204 has a 
thermal expansion coefficient larger than that of the 
sapphire diaphragm 202. At the portion of the dia- 
phragm 202 where the movable electrode 204 is 
formed, as the temperature increases, the diaphragm 
202 warps toward the base 201 . 

[0051] Therefore, a portion of the diaphragm 202 on 
the line clockwise forming an angle of 45’ with the C- 
axis projection direction of the crystal, and a portion of 
the diaphragm 202 where the movable electrode 204 is 
formed, warp in the same direction as the temperature 
increases. In other words, the movable electrode 204 
and the reference electrodes 205a and 205b are dis- 
placed in the same direction in accordance with a tem- 
perature change. 

[0052] In this manner, according to this embodiment, 
the reference electrodes 205a and 205b, and the mova- 
ble electrode 204 are displaced in the same direction on 
the normal to the plane of the diaphragm 202 in accord- 
ance with a temperature change. As a result, even if the 
temperature changes, a change in positional relation- 
ship among the reference electrodes 205a and 205b, 
and the movable electrode 204 relative to each other 
with respect to the stationary electrode 203 can be pre- 
vented. 

[0053] In particular, when the distances of the refer- 
ence electrodes 205a and 205b from the center are 
adjusted on a line on the diaphragm 202 which clock- 
wise forms an angle of 45° with the C-axis projection 



direction of the crystal, the relative positional relation- 
ship among the diaphragm 202 and the reference elec- 
trodes 205a and 205b is not substantially changed by a 
temperature change. 

5 [0054] In this embodiment, the movable electrode 204 

is made of a metal such as gold. However, the movable 
electrode 204 may be made of silicon having a smaller 
thermal expansion coefficient than that of sapphire. In 
this manner, when the movable electrode is formed of a 
10 material having a smaller thermal expansion coefficient 
than that of sapphire, the reference electrodes may be 
arranged on a line which clockwise forms an angle of 
45° with the C-axis projection direction of the major sur- 
face of the diaphragm. In this case, as the temperature 
15 increases, the movable electrode and the reference 
electrodes are displaced away from the base. 

[0055] In this embodiment, the stationary electrode 
203 has a continuous shape to oppose the movable 
electrode 204 and reference electrodes 205a and 205b. 
20 However, the present invention is not limited to this. For 
example, the stationary electrode 203 may be formed 
into a circular shape, in the same manner as in the first 
embodiment. In this embodiment, since the stationary 
electrode 203 has the above shape, a detection error 
25 caused by the capacitances among the stationary elec- 
trode 203 and the lead wiring lines 204a and 205a can 
be suppressed. 

[0056] In the above embodiments, the movable elec- 
trode is arranged on a line in the C-axis projection direc- 
30 tion of the crystal passing through the center of the 
diaphragm, and has a rectangular shape extending in 
the C-axis projection direction of the crystal. However, 
the present invention is not limited to this. For example, 
the movable electrode may be arranged such that the 
35 longitudinal direction of its rectangular shape is perpen- 
dicular to the C-axis projection direction of the crystal on 
the major surface of the diaphragm. In this case, the 
movable electrode is arranged on a line perpendicular 
to the C-axis projection direction of the crystal and 
40 passing through the center of the capacitance chamber. 
[0057] As shown in Fig. 3, a movable electrode 304 
may have a crisscross shape extending in two direc- 
tions, i.e., the C-axIs projection direction of the crystal 
and a direction perpendicular to it. 

45 [0058] As has been described above, according to the 

present invention, even if the C-axis projection direction 
of the crystal of the base is displaced from the C-axis 
projection direction of the aystal of the diaphragm, at a 
region where the stationary and movable electrodes 
50 oppose each other, a temperature change does not 
substantially cause warp of the diaphragm. 

[0059] This suppresses a change in distance between 
the movable and stationary electrodes that generate a 
capacitance. When a capacitance type pressure sensor 
55 is formed by bonding a diaphragm formed of an R-plane 
sapphire substrate to a base comprised of an R-plane 
sapphire substrate and having a capacitance chamber, 
even if the C-axis projection direction of the crystal of 
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the substrate is different from that of the diaphragm, the 
pressure can be detected highly precisely. 

Claims 

5 

1 . A pressure sensor characterized by comprising: 

a sapphire base (101, 201) having an R-plane 
major surface; 

a sapphire diaphragm (102, 202) formed on io 
said major surface of said base and having an 
R-plane major surface: 

a capacitance chamber having an upper sur- 
face covered with said diaphragm and having a 
recess formed in said major surface of said is 
base; 

a stationary electrode (103, 203) fixed to a bot- 
tom surface of said capacitance chamber; and 
a movable electrode (104, 204, 304) fixed to a 
lower surface of said diaphragm in said capac- 20 
itance chamber to oppose said stationary elec- 
trode. 

wherein at least one of said movable and sta- 
tionary electrodes has a shape extending on at 
least one of a line in a C-axis projection direc- 25 
tion of a crystal passing through a center of 
said major surface of said diaphragm and a line 
In a direction perpendicular to the C-axis pro- 
jection direction. 

30 

2. A sensor according to claim 1 , wherein only one of 
said movable and stationary electrodes has a 
shape extending on at least one of a line in a C-axis 
projection direction of a crystal passing through a 
center of said major surface of said diaphragm and 3S 
a line in a direction perpendicular to the C-axis pro- 
jection direction. 

3. A sensor according to claim 1 . wherein both of said 
movable and stationary electrodes have a shape 40 
extending on at least one of a line in a C-axis pro- 
jection direction of a crystal passing through a 
center of said major surface of said diaphragm and 

a line In a direction perpendicular to the C-axis pro- 
jection direction. 45 

4. A sensor according to claim 1 , wherein at least one 
of said movable and stationary electrodes has a 
shape extending on only one of a line in a C-axis 
projection direction of a crystal passing through a so 
center of said major surface of said diaphragm and 

a line in a direction perpendicular to the C-axis pro- 
jection direction. 

5. A sensor according to claim 1 , wherein at least one ss 
of said movable and stationary electrodes has a 
crisscross shape extending on both of a line in a C- 
axis projection direction of a crystal passing 



through a center of said major surface of said dia- 
phragm and a line in a direction perpendicular to 
the C-axis projection direction. 

6. A sensor according to claim 1. further comprising a 
reference electrode (105. 205) fixed to said lower 
surface of said diaphragm around said movable 
electrode. 

7. A sensor according to claim 6, wherein said refer- 
ence electrode has a ring-like shape surrounding 
said movable electrode. 

8. A sensor according to claim 6, wherein said refer- 
ence electrode is arranged on a line forming an 
angle of 45° with the C-axIs projection direction of 
the crystal passing through said center of said 
major surface of said diaphragm. 

9. A sensor according to claim 6, wherein said station- 
ary electrode has a shape continuously including at 
least regions opposing said movable and reference 
electrodes. 

1 0. A sensor according to claim 9. wherein said station- 
ary electrode has a circular shape. 
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(54) Capacitive pressure sensor 

(57) A pressure sensor includes a sapphire base, a 
sapphire diaphragm, a capacitance chamber, a station- 
ary electrode, and a movable electrode. The base has 
an R-plane major surface. The sapphire diaphragm Is 
formed on the major surface of the base and has an R- 
plane major surface. The capacitance chamber has an 
upper surface covered with the diaphragm and has a 
recess formed in the major surface of the base. The sta- 
tionary electrode is fixed to a bottom surface of the 
capacitance chamber. The movable electrode Is fixed to 
a lower surface of the diaphragm in the capacitance 
chamber to oppose the stationary electrode. At least 
one of the movable and stationary electrodes has a 
shape extending on at least one of a line in a C-axis pro- 
jection direction of a crystal passing through a center of 
the major surface of the diaphragm and a line in a direc- 
tion perpendicular to the C-axis projection direction. 
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